Dimeric Sodium Isothiocyanato-(N-salicylidene-/?-alaninato)cuprate(II), X-Ray, EPR Spectrum
Introduction N-Salicylideneaminoalkanoatocopper(II) com plexes attract attention due to their biological im portance, e.g. as models for the more complicated key intermediates in enzymatically catalyzed m eta bolic reactions of amino acids [1] [2] [3] . Some of them show remarkable antimicrobial activity [4] , and superoxide dismutase like activities [5] .
The tridentate sal-/?-ala(2-) ligand coordinated to Cu(II) forms two fused six-membered chelate rings, in contrast to the 5,6-membered ring system present in the copper(II) N-salicylidenea-am inoalkanoates. Each o f these tridentate Schiff base (TSB) ligands utilizes the same donor atoms: the phenolate and carboxylate O atoms, and the azomethine N atom. Nevertheless, the Cu(II) comAbbreviations: sal-/?-ala = N-salicylidene-/?-alaninate(2-), sal-a-ala = N-salicylidene-a-alaninate(2-), TSB = tri dentate Schiff base dianion ligand, sal-(RS)-phe = N -salicylidene-(RS)-phenylalaninate(2-), L = monodentate molecular additional ligand, X = m onodentate anionic(l -) additional ligand.
* Reprint requests to Dr. J. Krätsmär-Smogrovic.
Verlag der Zeitschrift für Naturforschung, D-W -7400 Tübingen 0 9 3 2 -0 7 7 6 /9 2 /1 1 0 0 -1 5 6 5 /$ 01.00/0 plexes formed by these Schiff base ligands (deriva tives o f a-am ino acids and ^-alanine, respectively) are sometimes o f conspicuously different nature. F or example, using the a-alanine enantiomers or their racemic mixture in the syntheses according to the Charles m ethod, in all cases a "m onom eric" Cu(II) complex is formed {the corresponding (R)-, (S)-, or (RS)-form ) : [Cu(sal-a-ala)(H20)] • n H 20 (n = 0.5, 1, or 2) [6] , The structures of these com plexes have been predicted [6] to be similar to the square pyramidal aqua-(N-salicylideneglycinato)-copper(II) hemihydrate [7] , or so-called tetrahydrate [8] , On the other hand, if /?-alanine is used in the synthesis under similar conditions, a binu clear, antiferromagnetically superexchange-cou pled complex, [Cu2(sal-/?-ala)2(H 20 )] • H 20 , is ob tained [9, 10] . As proved by an X-ray structure in vestigation o f the latter com pound [11] , two Cu(II) atom s o f different coordination geometries (square pyramidal and square planar) are bridged by the TSB phenolate O atom s within its binuclear complex molecule. Reacting with additional m onodentate ligands (L), the bridge system of this binuclear complex is destroyed and "m ononu clear" species o f stoichiometry [Cu(sal-/?-ala)L] are formed [9, 12] . [4, 13, 14] . Except for the com pound N a2Cu(sal-/?-ala)(NCS)2-2 H 20 prepared in this way, in all other cases complex cuprates(II) o f gen eral formula MCu(TSB)(NCS) « H 20 have been obtained (M = N a +, K +, or NH j ; n = 0, 1 ,2 ,...) . The spectral properties (EPR, LF) of these com pounds in most cases indicate a square pyramidal environment for the -N C S -bridged cuprate(II) anion and this was proved by an X-ray analysis for one o f the typical representative of the com pounds of this group: K 2[Cu2(sal-(RS)-phe)2(Ja-NCS),] [15, 16] .
In an effort to extend our knowledge on the only differently composed com pound of this group, N a2Cu(sal-/?-ala)(NCS)2-2 H 20 , we decided to de termine its crystal and molecular structure and spectral properties. Preliminary findings o f this study have been reported earlier [17] .
Experimental
The title com pound was prepared according to the published procedures [14, 17] , i.e. by treatm ent of the parent compound [Cu2(sal-/?-ala)2(H20)] • H 20 with an excess of N aSCN in slightly diluted (90%) hot ethanol. The reactants, 5.45 g (10 mmoles) of the parent com plex and 6.5 g (80 mmoles) o f NaSCN, were dis solved in 70 ml of the hot solvent (70 °C). After slow cooling of the filtered reaction mixture to room tem perature, a dark green product contain ing well developed single crystals appeared.
Analysis for CI2H I30 5N3S2CuNa2 (M = 452.9)
Calcd C 31.82 H 2.89 N 9.28%, Found C 32.02 H 2.74 N 9.15% .
The EPR spectrum o f the title com pound (pow dered sample) was recorded at room tem perature in X-band frequency on an ERS 230 spectrometer. D PPH was used as an internal standard. The elec tronic spectrum in the VIS region (LF band) was recorded on a SPECORD M 40 spectrometer us ing the nujol mull technique. The magnetic suscep tibility of the com pound studied was measured by the Gouy m ethod at room temperature.
A single crystal (0.4 x 0.4 x 0.3 mm) was used for data collection. Weissenberg photographs were consistent with Laue symmetry T. Unit cell param eters were refined by a least-squares fit of the posi tional angles for 15 centered reflections. Intensity data were collected up to 25 = 110° on a SYNTEX P 2 , diffractom eter using graphite-m onochrom ated C uK a radiation and 5 -2 3 scan technique. Two standard reflections m onitored after every 98 scans showed that no correction for instrument instability or crystal decay was required. The data were averaged to give 2058 unique reflections, 1535 of which were observed [I > 2cr(I)].
Crystal data: M r = 452.9 (monomeric formula unit C p H ]30 5N 3S2C uN a2), triclinic, space group PT, a = 6.989 ( The structure was solved by the heavy-atom m ethod. After isotropic refinement of the non-H atom s except C 8 (to R = 0.18), a difference syn thesis clearly revealed two well-defined sites for C 8 (hereafter designated as C 81 and C 82) as well as H atom s attached to the phenyl ring and C l. Leastsquares refinement of the two C 8 sites as a split model indicated consistently a 50:50 distribution (hereafter monomeric units A and B). Final cycles of block-diagonal least-squares refinement were carried out with anisotropic (for the non-H atoms) and isotropic (for the H atoms) displacement pa rameters, respectively, with fixed occupancy fac tors 0.5/0.5 for the C 8 1/C 82 sites. Final R = 0.055 (Rw = 0.062). The function 2 w (| F 0| -| Fc|)2 was minimized, with w = 1 for |F 0| < 32 and w = 3 2 /|F 0| for |F 0| > 32. In the final cycle the maxi mal ratio shift/e.s.d. was 0.06 and maximal and minimal heights in the final A a synthesis were 0.41 and -0 .4 4 eÄ~3, respectively. Scattering factors for uncharged atom s were taken from [18] . All crystallographic calculations were performed us ing the XRC 83 program package [19] .
Results and Discussion
Final atom ic coordinates o f the non-H atoms and their equivalent isotropic displacement pa rameters are listed in Table I*, selected bond dis tances and angles in Table II . A thermal-ellipsoid plot o f the monomeric complex unit and num ber ing of the atom s is shown in Fig. 1. * Details of the crystallographic results have been depo sited at the Cambridge Crystallographic D ata Centre. (3) 2.37 C (7) 2355 (7) 1281 (4) 433 (3) 3.79 N (l) 1623 (7) 1888 (3) 1336 (3) 6.18 C (81) 1209 (14) 3371 (6) 1113 (6) 3.62 C (82) 2710 (12) 3179 (8) 1433 (6) 3.78 C (9) 1338 (8) 4017 (4) 1952 (3) 4.91 C (10) 28 (5) 4564 (6) 4322 (5) 3931 (3) 5.81 C (12) 5232 (6) 4880 (4) 3107 (3) 3.80 S (2) 6077 (2) 5772 (1) 1917 (1) 5.38 N a(l)
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3549 (1) 5213 (1) 3.29 Na (2) 6244 (3) 2673 (3) 4957 (1) 6.67 0 (4) 2939 (4) 2378 (2) 6366 (2) 3.44 0 (5) 1988 ( [11] used for its synthesis, showed dimeric structures. Their bridge systems, however, are quite different. Reacting with additional NCS~ ligand, the nearly planar C u (^) C u moiety of the parent complex, based on the bidentate phenolate-0 < atom bridges, is replaced by a C u -N C S ---C u ' bridge in which the N atom of the -N C S ligand occupies the fourth basal plane site at the Cu atom , and its terminal SI atom forms a weak apical S l -C u ' contact with an adjacent complex unit (Fig. 2) . Nevertheless, the two fused chelate rings present in the Cu(sal-/?-ala) moiety itself remain unaffected. Hence, the Cu(II) atom environment inside the di meric complex anion of the title com pound can be described as strongly axially distorted square pyramidal (4 + 1).
The basal plane of the coordination polyhedron is formed by the O 1, N 1, and 0 2 donor atom s of the sal-/?-ala(2 -) ligand and the N 2 atom of the isothiocyanate ligand. These atoms are planar within experimental error, and the Cu atom is dis placed by 0.095(1) Ä from this plane toward the apex o f the pyramid. As mentioned above, an adjacent [Cu(sal-/?-ala)(NCS)]~ unit (related by a centre of symmetry at 0, 0, 1 /2) provides the weak ly coordinating S 1' atom to complete the pyrami dal (4 + 1) environment o f the Cu atom (Fig. 2) . The intradim eric C u -C u ' distance is 5.768(1) Ä; the shortest interdim er copper to copper distance is 6.989(1) Ä. The second thiocyanate anion is un coordinated to the copper(II) atom.
The bond distances of Cu to the basal plane do nor atom s range from 1.904 (2) Bond lengths and angles within the N-salicylidene-/?-alaninate(2-) moiety are norm al and agree well with the corresponding param eters generally found in other complexes o f this type; some geometrical anomalies around C 8 might be related to the disorder o f this atom . Indeed, as seen in Fig. 1 , the disorder of the C 8 atom im parts some disorder to the atom s bonded to it. The effect of this disorder is evident in the therm al ellipsoids of N 1 and C9, which have a long axis oriented paral lel to the C81 " -C 82 vector; moreover, the shape of the thermal ellipsoids of the adjacent atom s (C7 and CIO) is different (with respect to those of N 1 and C9; Fig. 1 ). Attem pts to resolve the disorder of the N 1 and C 9 atom s during the refinement was unsuccessful, suggesting that the differences between the atom ic positions are smaller than the resolution of the data. The centrosymmetric eight-membered ring in the dimeric [Cu2(sal-/?-ala)2(/*-NCS)2]2~ anion formed by the two copper atom s and the bridg ing -N C S -ligands is not strictly planar. The copper atoms are displaced by 0.2960(2) Ä above and below the plane defined by the two isothiocyanate bridges. The C u -N 2 -C 1 0 bond angle deviates about 9° from the ideal value of 180° expected for an sp-hybridized nitrogen. Similar observations have also been noted in other dimeric complex molecules or cuprate(II) anions [15, 16, [27] [28] [29] containing the Cu2(NCS)2 core. Nevertheless, the deviation from linearity in C u -N -C and from the coplanarity o f the eightmembered ring in the title com pound is apprecia bly smaller than in the dimeric complex cuprate [Cu2{sal-(RS)-phe}2Gu-NCS)2]2- [15, 16] (ca. 37° and 0.924 Ä).
The title compound shows a magnetic m oment //efT = 1.85. //B (T = 295 K), i.e. it is appreciably higher than the spin only value of Cu(II) ion. Thus, the bridge system of Cu2(//-NCS)2 core in the title com pound is unsuitable for an efficient magnetic coupling within the Cu(II) ion pairs.
In good agreement with the structural data of the com pound studied, its EPR spectrum meas ured in X-band region (powdered sample) is an axial one with gN = 2.249 (±0.01), and g± = 2.054 (±0.002). From these experimental g values the param eter G = 4.75 was evaluated [G = (g,, -gQ )/ (g± -g0)], indicating that they are consistent with the molecular ones [30] . The used experimental technique was not sensitive enough to resolve the expected slight orthorhom bic splitting (gx>.) in the spectrum. Nevertheless, the g values obtained re flect well the ferrodistortive ordering o f the com plex units of given coordination geometry within the crystal structure.
